Background: Primary right-sided colon cancer (RCC) is associated with a higher mortality than left-sided colon cancer (LCC), but the etiology of this phenomenon remains unclear. We sought to study whether cancer laterality is associated with the prevalence of clinical coronary artery disease, calcific atherosclerosis as measured by computed tomography (CT), and cardiovascular risk factors. Methods: We conducted a single center retrospective study of 546 participants who had previously been diagnosed with colon cancer between January 2005 and December 2014. The presence of coronary and aortic calcifications was assessed by CT in 486 of these patients. We examined the prevalence of clinical cardiovascular disease (CAD) (prior myocardial infarction or revascularization), comorbidities, coronary and aortic calcification in patients with RCC (n=261) and LCC (n=285). Logistic regression analysis was performed to assess the likelihood of clinical CAD and calcific atherosclerosis by cancer laterality.
Introduction
Cardiovascular disease (CAD) is the leading cause of death in the United States accounting for 836,546 deaths annually, and 92.1 million adults are currently living with the disease (1) . Despite a decline in mortality due to coronary heart disease over the last 10 years in US, coronary heart disease remains a source of high morbidity and mortality with $329.7 billion in health care expenditures (1) . Malignancy is the second leading cause of death, with colon cancer being the third cause of malignancy-related deaths. There were an estimated 95,520 new cases of colon cancer in 2017 in the United States (2) . There has been increasing evidence of an association between cardiovascular disease and cancer,
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Colon cancer laterality is associated with atherosclerosis and coronary artery disease which is based on shared pathophysiology of inflammation promoting both atherosclerosis and carcinogenesis (3, 4) . Both malignancy and coronary heart disease share common risk factors such as obesity, hyperglycemia, hypertension, tobacco use, hyperlipidemia (5) , and cancer survivors have an overall higher incidence of cardiovascular disease compared to patients without cancer (6) . In addition, patients diagnosed with CAD have a higher prevalence of colorectal neoplasms compared to patients without CAD (7) (8) (9) . Extensive studies have shown that compared to leftsided colon cancer (LCC), those with right-sided colon cancer (RCC) have lower overall survival (10) . However, the exact cause or biomechanistic rationale for this difference is yet to be understood. There have not been prior studies evaluating the association between cardiovascular disease and atherosclerosis burden with colon cancer laterality. The goal of the present study was to compare the prevalence of CAD and distribution of coronary and vascular calcific atherosclerosis between patients with RCC and LCC.
Methods
This is a single-center retrospective cross-sectional study of consecutive patients diagnosed with colon cancer at Albany Medical Center between January 2005 and December 2014. The study was reviewed and approved by Institutional Review Board. Overall, 583 patients met the following inclusion criteria: (I) primary diagnosis of colon cancer; (II) primary cancer involvement from cecum to sigmoid colon; (III) patients followed at Albany Medical Center or New York Hematology-Oncology PC for care. Initial patient data was obtained from the Institutional Cancer Registry. Patients with unavailable or incomplete medical records were excluded (n=37). As a result, a total 546 patients were included in the study, of which 261 patients were found to have RCC and 285 patients were found to have LCC.
Demographic characteristics were collected including age at the time of cancer diagnosis, ethnicity, and gender. Medical comorbidities were recorded including: hypertension, diabetes mellitus, hyperlipidemia, history of myocardial infarction, history of percutaneous coronary intervention (PCI) and coronary artery bypass grafting (CABG), hypothyroidism, congestive heart failure, chronic kidney disease, atrial fibrillation, and current or prior smoking and alcohol use histories. Clinical CAD was defined as patients who had prior documented CAD in their medical history, myocardial infarction, and/or PCI or CABG. Cancer characteristics that were collected included stage at the time of initial diagnosis and laterality, which was determined based on operative and/or colonoscopy report. RCC was defined as the cecum, ascending, and transverse colon, whereas the descending and sigmoid colon were defined as LCC (11) .
Computed tomography (CT) imaging of the chest, abdomen, and pelvis was obtained for staging within 1 year before or after initial cancer diagnosis in 486 patients. Two radiology residents reviewed the CT scans for the presence of atherosclerotic calcifications in the coronary arteries, thoracic aorta, and abdominal aorta. These findings were confirmed by a board-certified cardiothoracic radiologist with nine years post-fellowship experience. A novel semiquantitative scoring system was designed for grading the extent of calcifications. The extent of calcifications was categorized based on the number of vascular territories affected, ranging from 0 (no calcifications) to 3 (presence of calcifications in the coronary, thoracic, and abdominal aorta).
Quantitative statistics were used to compare differences between RCC and LCC. Continuous variables such as age are expressed as mean ± standard deviation, and compared with two-tailed student's t-test. Categorical variables are expressed as percentages and compared with Chi-square test. To assess the association between clinical CAD and laterality, we used univariate and multivariate Poisson regression models to calculate relative risk ratio with 95% confidence interval. Model covariates included common CAD risk factors and factors that were significantly different between the groups (age, sex, current and history of smoking, hypertension, diabetes mellitus, hyperlipidemia and hypothyroidism). Additional analysis performed with Kaplan-Meyer method comparing survival between right and left sided CRC. All statistical analyses were performed using Stata software, version 14.0 (Stata Corp). A twotailed P of 0.05 was considered as statistically significant.
Results
Of the 546 patients, 261 (47.8%) had RCC and 285 (52.2%) had LCC. The baseline characteristics including age, gender, ethnicity, and cancer staging were similar between the two groups ( Table 1) . Most of the patients were males (51.5%), Caucasian (88.6%), and the mean age was 64.8±14.2 years. The prevalence of modifiable risk factors including tobacco use (current and former) and alcohol use were also similar between the 2 groups and were not statistically significant. Overall, 21.1% had stage 1 colon cancer, 26.2% had stage 2, 26.9% had stage 3, and 25.8% had stage 4. Distribution by colon cancer stages was similar between both groups, except for stage 4, which was more prevalent in patients with LCC.
As shown in Table 2 , a diagnosis of hypertension was present in 50% of patients, hyperlipidemia in 34% and clinical CAD in 13% of total cohort. Compared to patients with LCC, those with RCC had a higher prevalence of hypertension, hyperlipidemia, history of myocardial infarction, prior revascularization with percutaneous coronary intervention and/or CABG, and hypothyroidism. Similarly, clinical CAD was significantly more prevalent in patients with RCC than LCC. The prevalence of other comorbidities including congestive heart failure, diabetes mellitus, chronic kidney disease, and atrial fibrillation was not statistically significantly different between the two groups, although there were trends for a higher prevalence of each these conditions in patients with RCC ( Table 2) .
Among the 486 patients who had CT scans performed and available for review, vascular calcifications were present in 67.3% of all patients with colon cancer (79.1% of patients with RCC and 56.4% in LCC). Patients with RCC had higher prevalence of coronary, thoracic, and abdominal aortic calcifications, as shown in Table 2 and Figure 1 . Calcification severity scoring demonstrated that patients with RCC tended to have more widespread calcification (score 3), while LCC patients had higher prevalence of less extensive calcification or no disease (score 1 or 0). Statistically significant differences were noted for patients with no disease (score 0) and severe disease (score 3) ( Figure 2) .
As depicted in Table 3 , regression analysis demonstrated that patients with RCC were more likely to have clinical CAD and calcifications in coronary arteries, thoracic aorta, and abdominal aorta by both univariate and multivariate analysis. Furthermore, RCC was associated with a higher likelihood of calcific atherosclerosis in each individual territory, even after adjusting for the prevalence of clinical CAD ( Table 3) . Overall mortality rate for the total cohort was 0.07 (95% CI, 0.048-0.093) at 6 months, 0.12 (95% CI, 0.092-0.147) at 12 months, 0.18 (95% CI, 0.150-0.216) at 24 months, and 0.24 (95% CI, 0.208-0.281) at 36 months. Kaplan-Meier analysis of survival between RCC and LCC was not significantly different with hazard ratio (HR) of 0.982 (95% CI, 0.740-2.304, P=0.901).
Discussion
We observed a higher prevalence of clinical CAD and cardiovascular risk factors in patients with RCC compared with LCC. We also found that approximately two thirds of the overall cohort had calcific atherosclerosis, and that RCC was associated with a higher burden of calcific atherosclerosis in the coronaries and aorta compared with LCC. After adjusting for covariates, we observed that RCC was an independent predictor of clinical CAD and coronary and aortic calcifications. These observations highlight the importance of early identification and treatment with primary or secondary prevention strategies including lifestyle modifications for cardiovascular conditions in patients with colon cancer, especially in patients with rightsided colon cancer.
Several studies have reported increased prevalence of colorectal neoplasms among patients with ischemic heart disease diagnosed by invasive coronary angiography or coronary CT angiography (7, (12) (13) (14) . Additionally, even in asymptomatic patients, colorectal adenoma has been found to be associated with coronary artery calcification in a severity dependent manner (8, 9) . The prevalence of clinical CAD in our cohort of patients with colon cancer was 13.0%, which is also similar to the prevalence reported by Fu et al., which was 13.5% (15) . In their retrospective study of patients (n=12,648) from two US based medical and pharmacy databases, Fu et al. reported cardiovascular diseases are found to be the most common among patients with metastatic colorectal cancer. In addition, they reported a prevalence of hypertension of 49.7% and heart failure of 7.2%, which was similar to that observed in our cohort. These observations underscore potential common etiologic factors for development of CAD and colorectal cancer. For example, hyperlipidemia is a risk factor common to both cardiovascular disease and colon cancer, and high cholesterol known to promote colon carcinogenesis (16) .
To our knowledge there are no prior studies specifically focusing on the association between colon cancer laterality and cardiovascular disease. It has been observed that patients with RCC have increased number of comorbidities, advanced cancer stages, more commonly large and poorly differentiated tumors, and overall poorer prognosis than LCC patients (10) . In a recent meta-analysis of 15 studies conducted from 1971 to 2013 (n=108,474), observed that RCC has worse overall survival than LCC (17) . The exact mechanism underlying this mortality difference is still not well understood. One potential theory suggests that different pathophysiologic processes are involved in the development of right versus left sided colon cancer, which may contribute to the differences in outcomes (18) . RCC has more microsatellite instability 20% compared to LCC in 1% (19) . While microsatellite instability has better prognosis, however, it has been proposed that RCC present at later stages, countering this initial benefit (20) . Overall it appears that RCC presents with systemic symptoms compared to localized symptoms of LCC. In our cohort, patients with RCC had a higher likelihood of clinical CAD and calcific coronary and vascular atherosclerosis. In addition, the prevalence of common cardiovascular disease risk factors, such as tobacco use, hypertension and dyslipidemia was significantly higher in RCC patients as well. These findings raise the possibility that there are common etiologic factors for CVD and RCC. However, we cannot infer that increased prevalence of CV disease and calcific atherosclerosis could contribute to the higher mortality of RCC. These observations deserve further study in larger multi-center cohorts and prospective studies to further delineate the causes of increased mortality and assess relationship between CV disease and mortality in these populations.
The nascent field of cardio-oncology has come to focus on both preventive and treatment modalities to reduce cardiovascular morbidity and mortality in cancer patients. It has been reported that cardiovascular disease is underrecognized in patients with colon cancer, which could contribute to increased mortality (21) . Early identification and vigilant management of cardiovascular disease and its risk factors based on primary tumor location could theoretically reduce cardiovascular-related morbidity and mortality in colon cancer patients. As the prevalence of coronary calcification was 62% in patients with RCC, potential screening with calcium scoring could be especially useful in this group. This screening strategy deserves further investigation, and ideally in prospective randomized clinical trials.
Our study has several limitations. First, the retrospective cross-sectional design limits the ability to determine the development and progression of atherosclerosis as well as the prognosis of patients with colon cancer. Second, while we observed an independent association between clinical CAD and right sided colon cancer, we cannot determine the nature of the relationship nor make informed suggestions for treatment. However, our findings were robust and consistent across subgroups after using multivariate analysis to adjust for confounding factors. Third, not all patients had CT scans available for analysis, although the reduction in sample should bias results towards the null. Fourth, variations in dietary habit, waist circumference, and cholesterol metabolism among individual patients are difficult to control and assess especially in retrospective study. Finally in some studies, RCC is found in older cohorts and thus there is concern for delayed diagnosis accounting for greater prevalence of CAD. However, in our cohort, the mean ages in RCC and LCC groups were similar without statistical significance, and thus delayed diagnosis is unlikely to be contributing to the current results. In conclusion, we found that both vascular calcifications and clinical CAD including history of myocardial infarction and PCI or CABG are prevalent in patients with colon cancer, and are independently increased in patients with RCC compared to LCC. RCC is similarly independently associated with a higher burden of calcific atherosclerosis. Further studies are needed to identify mechanism for this phenomenon. Patients with colon cancer, especially rightsided, may benefit from earlier identification and treatment of cardiovascular disease including coronary artery disease and risk factors leading to myocardial infarction and cardiovascular mortality.
